Tryptophan mutants of troponin C from skeletal muscle--an optical probe of the regulatory domain.
We have generated a series of chicken skeletal muscle troponin C mutants to study the conformation of the regulatory domain in the N-terminal half of the molecule. These mutants each contained a single Trp at position 22 (helix A), 52 (linker of helices B and C), or 90 (central helix). Some of these mutants also contained additional mutations to introduce a single Cys at a desired position. The mutants were characterized by molecular graphics and CD and found to have a minimum of structural perturbations when compared with the native structure. They also retained the ability to regulate myofibrillar ATPase activity. The fluorescence of Trp22 was sensitive to Ca2+ binding only to the regulatory sites, whereas Trp52 and Trp90 responded to Ca2+ binding to both the regulatory and the Ca2+/Mg2+ sites. The tryptophan quantum yield (Q) of all Trp22-containing mutants was very high (0.33) in the absence of bound Ca2+, compared to that of L-tryptophan in aqueous solution (0.14). Q decreased 25% upon binding of Ca2+ to the regulatory sites. The quantum yields of Trp52 and Trp90 in apo mutants were close to 0.14. In the presence of bound Ca2+ at the regulatory sites, the quantum yield of Trp52 decreased 16%, whereas that of Trp90 increased 25%. Results from acrylamide quenching of the fluorescence of the three Trp residues indicated that Trp22 was the least exposed and Trp52 was the most exposed, consistent with other spectral data that Trp22 was in a relatively nonpolar environment and Trp52 was in a highly polar environment. The ability of Trp52 and Trp90 to sense Ca2+ binding to sites located at both domains suggests inter-domain communication in the protein. These single Trp TnC mutants provide specific signals for probing Ca2+-induced conformational changes in the regulatory domain.